The present study was aimed at determining the existence of FA in Hausa populations using thumbprint minutiae. The participants included 112 males and 105 females of Hausa Ethnic descent, aged between 18-25 years. The minutiae of the plain thumbprints were determined from a circle with radius that cut across the nucleus of the fingerprints. The result showed that in signed asymmetry bifurcation, crossbar, break, point/dot into ridges and point/dot between ridges exhibited sexual dimorphism. The left ward asymmetry in male was exhibited in bifurcation, cross bar, trifurcation bifurcation, break, bridge, opposite bifurcation, in "M" convergence, in "M" bifurcation and Point/Dot into ridges. Similarly, in female bifurcation, trifurcation bifurcation, enclosure big, opposite bifurcation, convergence, in "M" bifurcation and return exhibit left ward asymmetry. For absolute and composite asymmetry the significant differences was observed in end, enclosure (small), bridge and return. In the entire minutiae types only ridge bifurcation exhibited directional asymmetry in males and six other minutiae types in females. In conclusion, the presence of sexual dimorphism in thumbprint ridge minutiae was demonstrated in the present study. The leftward asymmetry was observed in both sexes in different types minutiae. Females were observed to exhibit directional type of asymmetry more than the males in this population.
INTRODUCTION
Different types of asymmetry exist in nature, these include directional asymmetry when one side of a bilateral structure is consistently larger than the other, antisymmetry when sides are consistently unequal in size, but neither side is more likely to be the largest (Graham et al., 1993) . The third variety of asymmetry is fluctuating asymmetry (FA) which refers to random, subtle departures from perfect symmetry (Palmer and Strobeck, 1986) . FA has become one of the useful tools in measuring developmental stability in structures that are normally symmetrical (Møller and Shykoff, 1999; Nijhout and Davidowitz, 2003) . Of the three types of asymmetry, FA (Van Valen, 1962; Parsons 1990; Møller and Swaddle, 1997) and, under particular circumstances, directional asymmetry (Graham et al., 1998; Graham et al., 2003) , are typically thought to be indicative of developmental instability and exposure to environmental stress during development. Interestingly genetic factors may also have a weak relation to FA in fingerprints features (Martin et al., 1982; Arrieta et al., 1993) . The genetic basis of differences in the small random variation usually found between the sides of the body of bilateral trait continues to be a subject of considerable interest in the literature. This can be applied to FA, a ubiquitous type of asymmetry that was reported to be one of those rare inheritable traits (Palmer et al., 1994) .
Thus the level of FA is expected to increase in group of individuals subjected to any of a variety of stressors. Based on the comparison of FA in stressed and non-stressed population it was suggested that direct genetic effects on FA itself are not responsible for any observed differences (Palmer et al., 1994) .
There is paucity of data regarding assessment of indicators of developmental instability in Hausa population. This may help in searching for possible factors that may lead to induction of stress and developmental instability in utero. It is now clear that the level of developmental instability and environmental stress may be assessed using FA in a given population (Palmer et al., 1994; Møller and Swaddle, 1997) . The present study aimed at determining the existence of FA in Hausa populations using thumbprint minutiae.
MATERIALS AND METHODS Study location and population
The study was conducted among one of the original Hausa States; Kano state of Nigeria. Kano is the most populous state in Nigeria (Barau, 2007) . The urban area of the state covers 137 km 2 and comprises of six local government areas (LGAs); Kano Municipal, Fagge, Dala, Gwale, Tarauni and Nassarawa ( Figure  1) . http://dx.doi.org/10.4314/bajopas.v10i1.5
The principal inhabitants of the city are the Hausa people (Barau, 2007) . A total of 217 subjects comprising 112 males and 105 females within the 18-25 years of age participated in the study. Any subject who is Hausa up to level of grandfather, apparently healthy subject whose thumbs were free from any deformities or pathological changes were eligible for the study.
Before 
Fingerprints Collection and Minutiae counts
Direct sensing fingerprints capturing method (Jain et al., 2007) was used to capture the plain fingerprints.
For each thumbprint, two versions; the original size image (used for scaling) and amplified image (at ratio of 7.74); were captured using Bioanalyser (Microsoft visual basic version 6.0 programming language). These images were saved in jpeg format for variables reading in personal computer. The amplified thumbprint images were used for the thumbprint minutiae count.
The fingerprints were classified into any of the three basic patterns namely; arches, loops, whorls (Cummins and Midlo, 1943) . The minutiae count was designed according to the method described by Okajima (1970) , and the count were made using magnified images of thumbprint. The thumbprints were divided into two areas (center and periphery) by a circle with a diameter covering about 18 ridges. Only minutiae within the circle were counted ( Figure  2 ). Sixteen different types (some with subtype) of minutiae (Table 1) were used ( Champod and Margot, 1996; Gutierrez-Redomero et al., 2007) . The turning around of a ridge without being part of the nucleus Point or dot into ridge One ridge unit which contain only one sweat gland pores into ridge Point or between ridges One ridge unit which contain only one sweat gland pores between ridges
To determine systematic error in the minutiae counting the student paired t-test was performed to compare the means of the first and second counting using 30 randomly selected individuals. This allowed assessment of systematic error (bias error). Three indices of asymmetry, differences between left (L) and right (R) used included signed asymmetry (SA), absolute asymmetry (AA) and composite asymmetry (CA). These were determined by the following
where n is the sample size. The existence of directional asymmetry was detected by subjecting the mean value of signed asymmetry to one sample t-test (Manning, 1995; Palmer and Strobeck, 2003 ). An asymmetry was considered to be directional if mean value of signed symmetry differed significantly from zero, otherwise it was considered as FA. The data were expressed as mean ± SD. ANOVA and Independent sample t test was used to test for differences between the areas of the thumb and sexual dimorphism respectively. SPSS version 20.0 statistical software was used for the statistical analysis and P < 0.05 was set as level of significance Table 2 the mean minutiae count showed variation between males and females. The significant differences were observed in ridge ending, enclosure, break, bridge, opposite bifurcation, in the right thumbprints. In the right thumbprints, the females had higher minutiae count only in break and bridge. With regards to the left thumbprints, the females had higher mean minutiae counts in the convergence and return. For males, significantly higher minutiae counts were observed in the bifurcation, cross bar, end, enclosure small and point or dot between ridges. Sexual dimorphism assessments in the three indices of minutiae showed that in signed asymmetry bifurcation, crossbar, break, point/dot into ridges and point/dot between ridges exhibited sexual dimorphism (Table 2) . For absolute asymmetry the significant sex differences was observed in cross bar, end, enclosure (small), bridge and return. Where significant sexual differences were observed the female had higher mean value ridge bridge and return only (Table 3) . For composite asymmetry the significant sexual dimorphism in minutiae asymmetry was similar to what was observed in absolute asymmetry except for cross bar which also approaches significant (Table 4) . The left ward asymmetry in male was exhibited in bifurcation, cross bar, trifurcation bifurcation, break, bridge, opposite bifurcation, in "M" convergence, in "M" bifurcation and Point/Dot into ridges. Similarly, in female bifurcation, trifurcation bifurcation, enclosure big, opposite bifurcation, convergence, in "M" bifurcation and return exhibit left ward asymmetry (Table 2) . Using one sample t test only bifurcation exhibit directional asymmetry (p <0.05) in male and six different minutiae types; end, break, enclosure small, point/dot into ridges and point/dot between ridges, in female (Table  6 ). 
RESULTS

From
DISCUSSION
In population studies, thumb record higher bilateral asymmetry and large individual variation than any other finger (Malhotra et al., 1991) . It is to be mentioned here that the thumb is given particular importance in the evolutionary history of man (Kusuma et al., 2001) . Considering these advantages exhibited by thumb, this study assessed the asymmetry in ridge minutiae using thumbprints. The presence of sexual dimorphism in the three different types of thumbprint minutiae may indicate differences in the responses to environmental stress encounter by developing organisms. It was reported that dermatoglyphic asymmetries are related to adult testosterone (Jamison et al., 1993) . In another separate study pregnant Rhesus positive mothers exposed to testosterone tend to have offspring with fewer dermal ridges than controls (Jamison et al., 1994) . Since men have higher average ridge number than women it is generally suggested that higher levels of androgens may lead to an increased complexity in ridge patterns and a higher ridge count (Mustanski et al., 2002) . This may explain possible variation of the ridge minutiae between male and female in this population. Number of studies reported that the ridges of right hand were found to be coarser than the left hand (Cummins et al., 1994) . It was evident that left hand have greater number of ridges than in the right (Gutie´rrez-Redomero et al., 2007) and finer ridges than the right fingers (Mundorff et al., 2014) . But these observations may be influenced by sex (Gutie´rrez-Redomero et al., 2007) . It was suggested that if low asymmetry and sexual dimorphism in favor of male indicates the same aspects of mate quality then the ability to produce large traits in males should be correlated to the ability to produce symmetrical traits, leading to inverse relationship between asymmetry and trait size (Møller and Cuervo, 2003; Koehler et al, 2004) . It was reported that male in the same (Hausa) population tend to have larger trait size compared to females including hands parameters (Umar et al., 2016) . Therefore, the low asymmetry observed in males in this study is supported. However, higher asymmetry in some of minutiae indices was also observed in males in this study. It may be hypothesized that only minutiae that depends on finger size and or/ masculinity respond to effect of testosterone. This is due to the fact that level of testosterone correlated positively with symmetry and fingerprint ridges (Jamison et al., 1994) . That leads to expression of low asymmetry in male compared to females. During embryogenesis developing organism encounter different types of challenges from its environment. This led to manifestation of permanent signs in the adult body as a result of genetic and external perturbations in the environment. One of the manifestations includes small deviations from perfect symmetry in bilateral structure which correlates negatively with the amount of stress experienced during development (Siegel and Smookler, 1973; Siegel et al., 1977; Mooney et al., 1985) . Many factors such as extreme temperatures, environmental pollution, population density, and inbreeding among others are reported to be potential stressors encountered by developing organisms (Parsons, 1992; Markow and Martin, 1993; Galeotti et al., 2005; Velickovic, 2007; Lewis et al., 2008) . Therefore, this study highlighted the significance of thumbprints minutiae in assessing the level of developmental stress and instability among the Hausa population using FA. It was reported that fluctuating asymmetry is often used as a proxy to quantify developmental stressors and explore the effects of these developmental insults on individuals' health, fitness, and behavior (Benderlioglu, 2010) . It may be recommended that this study be expanded to other digits and other populations in order to explore more about the pattern of the asymmetry in other digits and populations for better explanation of the phenomenon.
CONCLUSION
The presence of sexual dimorphism in thumbprint ridge minutiae was demonstrated in the present study. The leftward asymmetry was observed in both sexes in different types minutiae. Females were observed to exhibit directional type of asymmetry more than the males in this population.
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